Clinical Interventions in Aging 



Q Open 



Access Full Text Article 



Dovepress 

open access to scientific and medical research 

ORIGINAL RESEARCH 



Correlation between nutritional status and 
comprehensive physical performance measures 
among older adults with undernourishment 
in residential institutions 



This article was published in the following Dove Press journal: 
Clinical Interventions in Aging 
25 August 2014 

Number of times this article has been viewed 



Devinder KA Singh 1 
Zahara A Manaf 2 
NoorAini MYusoff 3 
Nur A Muhammad 2 
Mei Fang Phan 1 
Suzana Shahar 2 

'Physiotherapy Program, School of 
Rehabilitation Sciences, 2 Nutrition 
and Dietetics Program, School of 
Health Care Sciences, Universiti 
Kebangsaan Malaysia, Kuala Lumpur, 
3 ASIA Metropolitan University, 
Cheras, Malaysia 



Correspondence: Devinder KA Singh 
Physiotherapy Program, School of 
Rehabilitation Sciences, Faculty of Health 
Sciences, Universiti Kebangsaan Malaysia, 
Jalan Raja Muda Abdul Aziz, 50300 Kuala 
Lumpur, Malaysia 

Tel +60 3 2687 8025; +60 3 2687 8003 
Fax +60 3 2687 8199 

Email devinderkas@gmail.com 



Purpose: The consequences of combined undernourishment and decreased physical 
performance in older adults are debilitating and increases cost of care. To date, the information 
regarding the association between nutritional status and physical performance does not provide 
a complete picture. Most studies used limited or self-reported measures to evaluate physical 
performance. The objective of this study was to examine the correlation between nutritional 
status and comprehensive physical performance measures among undernourished older adults 
who reside in residential institutions. 

Methods: Forty-seven older adults (26 males, 21 females) aged ^60 (69.23+8.63) years who 
were identified as undernourished from two residential institutions participated in this study. 
A battery of physical performance tests (10 m gait speed test, dominant hand grip strength test, 
timed five-repetition sit-to-stand test, ten step test, arm curl test, scratch test, and respiratory 
muscle strength test), biochemical profiles (serum albumin, hemoglobin, serum ferritin, and 
prealbumin levels), and falls risk using the short-form Physiological Profile Approach were 
performed. The Functional Ability Questionnaire and Geriatric Depression Scale were also 
administered. 

Results: The results demonstrated that generally older adults with undernourishment scored 
poorly on the physical performance tests, had depression, and a high risk of falls. Biochemical 
results demonstrated that 10.9% of the participants were anemic, 63% had hypoalbuminemia 
(<3.5 g/dL), and 21.7% were at risk of protein energy malnutrition with prealbumin level 
(100-170 mg/L). A significant correlation (P<0.05) was demonstrated between hand grip 
strength and ferritin, between self-reported mobility dependence and prealbumin levels, and 
between self-reported mobility tiredness and body mass index. 

Conclusion: These results confirm that older adults with undernutrition have poor physical 
function, higher falls risk, and depression. Clinically, overall health that includes nutritional 
status, physical function, and depression level should be taken into consideration in the assess- 
ment and treatment of older adults residing at residential institutions. 
Keywords: undernutrition, physical performance, falls risks, older adults 

Introduction 

Undernutrition has emerged as a common phenomenon globally among older adults. 
Undernourishment is defined as "a nutrition state in which a deficiency of one or 
more essential nutrients causes measurable adverse effects on tissue/body form (body 
shape, size, and composition) and function, and clinical outcome." 1 The prevalence 
of undernourishment among older adults varies depending on the study settings. 
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A study involving data from 12 countries examining 
undernutrition among older adults from different settings 
reported an overall undernourishment prevalence of 
approximately 23%. 2 Generally, older adults living in 
residential institutions were found to have a higher risk of 
undernourishment. 3 - 4 For example, approximately 67% older 
adults in nursing homes were found to be undernourished. 2 

Similar trends of undernutrition among older adults have 
been reported in government-funded residential institutions 
in Malaysia. 5 - 6 Previous studies have demonstrated that 
14%- 17% of older adults in these residential institutions 
are undernourished. 6 7 This scenario is asserted to exist as 
older adults in such residential institutions are mostly from 
rural areas with poor education, already lower financial support, 
and poor social- and family-supported backgrounds. 7,8 These 
are some of the predisposing risk factors that may lead to 
undernutrition among older adults. There is also a probability 
that these older adults may already be undernourished before 
admission to the residential institutions. 

Undernutrition and aging is associated with progressive 
deterioration of health and physical performance in older 
adults. 912 This leads to dependency in activities of daily 
living, poor quality of life, and further decrease in physical 
activities. 1314 Physical functional performance is defined as 
the ability to perform optimum function through effective 
movements achieved with the integration of the cardio- 
vascular, musculoskeletal, and neuromuscular systems. 15 
Prerequisites to optimum physical performance include 
muscle strength, muscle and cardiovascular endurance, flex- 
ibility, fitness, agility, and balance. 

Nutritional status also acts as a determination factor for 
physical performance with aging. 1618 Nutritional status has 
been reported to deteriorate with aging, partly due to the loss 
of muscle mass and declined food intake. ,C) Physiologically, 
undernutrition causes depletion of body fat stores, muscle 
wasting, 20 and symptoms such as fatigue or tiredness. 21 Dete- 
rioration of these prerequisites of optimum physical function 
results in poorer physical performance measured either using 
self-reported or performance measures among older adults 
with undernutrition. 22 - 23 

Undernutrition is also one of the intrinsic risk factors that 
can result in falls among older adults. 24 Approximately, two- 
fifths of undernourished older patients were demonstrated to 
have experienced one or more falls in the last year. 25 How- 
ever, assessment of nutritional status is rarely performed 
among older adult fallers. 26 There is a positive relationship 
between falls and undernutrition among older adults that are 
hospitalized or residing at care homes. 10 - 26 In contrast, this 
was not applicable to community-dwelling older adults. 27 
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The consequences of combined undernutrition and 
decreased physical performance, fatigue, and increased risk 
of falls among older adults can be debilitating. This will 
further increase the cost of long-term care for the aging 
population. Hence, nutritional status is an important factor 
that has to be considered in relation to physical performance, 
fatigue, and falls in older adults. 28 - 29 To date, the information 
regarding the association between nutritional status, physi- 
cal function, fatigue, and falls does not provide a complete 
picture. Most studies used limited or self-reported measures 
to evaluate physical function. 22 - 30 - 31 Performance-based mea- 
sures are required since it evaluates physical function in a 
more objective way, provides higher test sensitivity, and 
executes real effort from participants to perform a variety 
of tasks. 32 Therefore, the aim of this study was to examine 
the correlation between nutritional status and comprehensive 
physical performance measures among undernourished older 
adults who reside in residential institutions. 

Materials and methods 

This cross-sectional study involved older adults from two 
residential institutions in Malaysia, aged ^60 years. Flyers 
regarding this study were distributed at these two centers and 
the residents who volunteered were assessed by a dietitian 
a week before the other tests were performed. Participants 
who were identified as undernourished by a dietitian using 
Subjective Global Assessment and had a body mass index 
(BMI) <22 kg/m 2 were recruited to participate in this 
study. Subjective Global Assessment was assessed using a 
combination of subjective assessment of weight and appe- 
tite changes, gastrointestinal symptoms, functional ability, 
and metabolic stress as well as physical examination of the 
evidence of muscle and fat loss. Based on these criteria, 
the assessor subjectively rated the participants as normal 
or malnourished (mild-to-moderate and severe). 33 Partici- 
pants with mild-to-moderate and severe malnutrition and a 
BMI <22 kg/m 2 were categorized as undernourished. Par- 
ticipants were excluded if they had the following conditions: 
cancer, uncontrolled diabetic, unable to eat orally, having 
renal failure, bedridden or unable to walk, uncontrolled blood 
pressure, and dementia. Written and verbal information was 
provided to the participants before obtaining an informed 
consent. Ethical approval and permission was obtained 
from the Secretariat for Research and Ethics of Universiti 
Kebangsaan Malaysia (NN- 104-20 10) and Department of 
Social Welfare, Malaysia, respectively. 

The height and weight of participants was measured 
using a Seca portable Leicester stadiometer (Seca GmbH, 
Hamburg, Germany) and Tanita HD-306 (Tanita Corporation, 
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Tokyo, Japan), respectively. The Malay version of the 
Geriatric Depression Scale (GDS; scores from 0-1 5) was used 
to measure depression. 34 Biochemical profiles consisting of 
serum albumin, hemoglobin, serum ferritin, and prealbumin 
levels were obtained from 10 mL venous blood samples taken 
by phlebotomists from Gribbles Pathology (Malaysia) Sdn. 
Bhd. Blood samples were collected into an ethylenedi- 
aminetetraacetic acid tube and all the analysis except for 
prealbumin were carried out at Gribbles Pathology (Malaysia) 
Sdn. Bhd. using rocket immunoelectrophoresis (Hoffman-La 
Roche Ltd., Basel, Switzerland). A 3 mL blood sample was 
collected into an ethylenediaminetetraacetic acid tube for 
prealbumin analysis and the serum prealbumin levels were 
determined by rocket immunoelectrophoresis. 

Physical performance tests 

Participants were instructed to perform a battery of physi- 
cal performance tests with at least a 10-minute rest between 
each test, administered by trained final year physiotherapist 
undergraduates. 

1 0 m gait speed test 

Participants were required to walk a standard distance of a 
20 m pathway (5 m of acceleration, 10 m of steady walk, 
and 5 m of deceleration). Markers were placed at the start 
(5 m) and finish (15 m) and participants started walking at 
their own comfortable speed. The time was recorded from 
when the participants' foot crossed the start line to when the 
participant's second foot crossed the finished line. Three rep- 
etitions were carried out with a rest of 5 minutes in between 
each test and the average time of three tests was calculated. 
Distance walked (m) divided by the time (seconds) provided 
the gait speed (m/second). 

Dominant hand grip strength test 

Hand grip strength was measured by instructing participants 
to hold a Jamar® hand dynamometer (Patterson Medical 
Holdings, Inc, Warrenville, IL, USA) in their dominant 
hand palm with the handle on the middle of their four 
fingers. The arm was positioned at a 90 degree angle, with 
the elbow at the side of the body. Participants were then 
instructed to squeeze the hand as hard as possible, main- 
taining the squeeze for 5 seconds. The reading taken was 
in unit kg. 

Timed five-repetition sit-to-stand test 

This test was performed with participants sitting on a chair 
(42 cm height and 47.5 cm depth) with their arms crossed and 
back leaning on the back of the chair. The participants were 



instructed to sit and stand five times as quickly as they could. 
The time taken for five sit-to-stand repetitions was recorded 
in seconds using a stopwatch. 

Ten step test 

The ten step test is a valid and reliable modified agility test for 
older adults. 35 Participants were instructed to step one foot onto 
a block (10 cm height) and then quickly place the foot down 
on the floor and repeat again with the alternate foot. The 
time taken to complete ten repetitions of the movement 
was recorded. The ten step test was conducted twice with a 
5-minute rest in between after a preparation trial; the quickest 
time of the two trials was used for analysis. If the participant 
failed to perform the task accurately, the test was repeated. 

Arm curl test 

This test measures strength and endurance of upper limbs in 
older adults. The test-retest reliability for the arm curl test 
under the senior fitness test has shown good reliability with 
an intraclass correlation coefficient of 0.96. 36 Participants 
were asked to sit on a chair and do as many arm curls in 
30 seconds holding a weight (2.3 kg and 3.6 kg for women 
and men, respectively) in their hand with their palms up and 
arms at the side of the body. The arms must be fully flexed 
(ie, touching the examiner's hand that was placed on the 
participants' biceps) and fully extended during the test. 37 The 
number of arm curls was recorded. 

Scratch test 

This test measures upper limb flexibility in older adults. 37 The 
test-retest reliability for the scratch test under the senior 
fitness test has shown good reliability with an intraclass 
correlation coefficient of 0.9 8. 36 Participants were required 
to place one arm over their shoulder (preferred side) and the 
other behind the back and try to reach as close as possible try- 
ing to touch the fingers of both hands. The distance between 
the middle fingers was measured using a tape measure and 
recorded in cm. 

Respiratory muscle strength test 

Respiratory muscle strength was measured using a respira- 
tory pressure meter (Micro Medical Ltd, Kent, UK) with 
the participant sitting on a chair. The method used in a 
previous study 38 was used. The test was demonstrated to 
the participants and they were allowed a trial session before 
the actual test. Participants had their nose clamped and 
were instructed to inhale with their mouth sealed around 
the respiratory pressure meter mouthpiece. For maximal 
inspiratory pressure, participants were instructed to "slowly 
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exhale completely and then inhale hard like you are sucking 
in milkshake." Participants had to maintain inspiratory 
pressure for 1.5 seconds. The highest negative pressure 
maintained for approximately 1 second was recorded via 
computer software (Puma; Micro Medical Ltd). The test was 
repeated three times with a 1 -minute rest between tests. For 
maximal expiratory pressure, participants were instructed 
to "slowly inhale completely and then exhale hard." The 
highest positive pressure maintained for approximately 
1 second was recorded via the computer software. The test 
was repeated three times with a 1 -minute rest between tests. 
The mean value of the three measurements was taken as the 
measurements of maximal inspiratory pressure and maximal 
expiratory pressure in cm H 2 0. 

Falls risk using the Physiological Profile Approach 

Falls assessment was performed using the short-form 
Physiological Profile Approach (PPA). The short-form 
PPA comprises five physiological tests on vision, peripheral 
sensation, muscle force, reaction time, and balance. 39 The 
accuracy of identifying older adult fallers using PPA has 
been reported as high as 79%. The reliability of all five 
tests was demonstrated to have an intraclass correlation 
coefficient of 0.5 1-0. 97. 39 Participants were required to 
perform the five tasks. The measurements were recorded 
in the web-based program FallScreeri 8 computer software 
(Neuroscience Research Australia, Randwick, Australia). 
This program was developed from large-scale studies and 
provides an individual's falls risk in relation to age-matched 
normative data. 

Fatigue level using the Functional Ability Questionnaire 

The Functional Ability Questionnaire was used to measure 
fatigue or tiredness levels when performing activities of 
daily life. 40 Questions asked were about fatigue levels and 
the level of help needed when performing 1 6 daily activities, 
which indicates the mobility of the trunk, upper and lower 
limbs. Fatigue level and the level of help needed that is not 
reduced is coded as one while zero is coded for the opposite 
result. A higher score value describes better function while 
a lower score value describes poorer function. 40 This ques- 
tionnaire was back-to-back translated into a Malay version 
by the researchers. Fifteen older adults who could read and 
comprehend both English and Malay answered both ver- 
sions of the questionnaire after a 1-day lapse. Cronbach's 
a was calculated to be 0.89 for the two questionnaires, and 
the Malay version was considered to be reliable to be used 
in this study. 



Data analysis 

Data were analyzed using SPSS " version 19 (IBM Corpora- 
tion, Armonk, NY, USA). The correlation between nutri- 
tional status, physical performance, falls risk, and fatigue 
level was assessed using Pearson's correlation for normally 
distributed data and Spearman's rank correlation for not 
normally distributed data. A statistical significance level of 
_P<0.05 was used. 

Results 

Forty-seven participants (men: n=26; women: n=21) who 
were identified as undernourished participated in this study. 
Demographic characteristics and participants' physical per- 
formance data are presented in Tables 1 and 2, respectively. 
These results are provided according to sex because sex dif- 
ferences in the average scores are expected for many of the 
parameters. Falls risk profiles of the participants that were 
measured using PPA are depicted in Figure 1 . 

Approximately 98% of the participants had depression 
according to the GDS score and were recorded as having a 
marked-to-very marked risk of falls. Biochemical results 
demonstrated that 10.9% of the participants were anemic, 
63% had hypoalbuminemia (<3.5 g/dL), and 21.7% were 
at risk of protein energy malnutrition with prealbumin level 
(100-170 mg/L). 

A significant correlation (P<0.05) was only demon- 
strated between hand grip strength and ferritin and between 
self-reported mobility dependence and prealbumin levels 
(Table 3). A negative significant correlation (P<0.01) was 
found between self-reported mobility tiredness and BMI 
(Table 3). 

The Mahalanobis distance value for all variables was 
below eleven. A general linear regression was performed 
separately for both hand grip strength and ferritin as the 
dependent variables, with age, sex, and GDS score included 
as the independent variables. No significant (P>0.05) rela- 
tionship was demonstrated for either hand grip strength or 
ferritin with age, sex, and GDS score. 

Discussion 

The objective of this study was to examine the relationship 
between nutritional status, physical function, fatigue level, 
and falls among older adults with undernourishment living 
in residential institutes. This is the first study that included a 
performance-based comprehensive physical function assess- 
ment that comprised of gait speed, upper and lower limb 
strength, agility, flexibility, respiratory muscle strength, and 
fall risks. Fatigue levels were examined using the Functional 
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Table 1 Demographic characteristics of participants accord 


ing to sex (n=47) 








Parameters 






Men 


Women 




Total 








n=26 (55.3%) 


n=2l (44.7%) 




n=47 (100%) 


Age 














60-70 years 






17 (60.7) 


1 1 (39.3) 




28 (59.6) 


>70 years 






9 (47.4) 


10 (52.6) 




19 (40.4) 


BMI 














< 1 8.5 kg/m 2 






24 (60.0) 


16 (40.0) 




40 (85.1) 


18.6-22 kg/m 2 






2 (28.6) 


5(71.4) 




7 (14.9) 


Ethnic 














Malays 






18 (64.3) 


10(35.7) 




28 (59.6) 


Non-Malays 






8 (42.1) 


1 1 (57.9) 




19 (40.4) 


Marital status 














Married 






14 (58.3) 


10 (41.7) 




24 (51.1) 


Unmarried 






12 (52.2) 


1 1 (47.8) 




23 (48.9) 


Education level 














No formal education 






1 2 (48.0) 


1 3 (52.0) 




25 (53.2) 


Primary and secondary 






14 (63.6) 


8 (36.4) 




22 (46.8) 


Institutionalized duration 














<5 years 






24 (60.0) 


16 (40.0) 




40 (85.1) 


>5 years 






2 (28.6) 


5(71.4) 




7 (14.9) 


GDS score 














Normal (0-5) 






1 (100.0) 


0 (0.0) 




1 (2.1) 


Moderate-to-severe (^5) 






25 (54.3) 


21 (45.7) 




46 (97.9) 


Hemoglobin 














Anemia (< 1 1 .5 g/dL) 






2 (40.0) 


3 (60.0) 




5 (10.6) 


Normal (1 1.5-16.5 g/dL) and hij 


>h (> 1 6.5 g/dL) 




24 (57.1) 


18 (42.9) 




42 (89.4) 


Albumin 














Hypoalbuminemia (<3.5 g/dL) 






17 (56.7) 


1 3 (43.3) 




30 (63.8) 


Normal (3.5-5 g/dL) 






9 (52.9) 


8 (47.1) 




17 (36.2) 


Prealbumin 














No risk (> 170 mg/L) 






20 (54.1) 


17 (45.9) 




37 (78.7) 


Moderate risk (100-170 mg/L) 






6 (60.0) 


4 (40.0) 




10 (21.3) 


Serum ferritin 














Low (<20 ug/L) 






2 (7.7) 


0(0) 




2 (4.3) 


Normal (20-300 ug/L) 






22 (87.2) 


19 (90.5) 




41 (87.2) 


High (>300 ug/L) 






2(7.7) 


2 (9.5) 




4 (8.5) 


Note: Data represents n (%). 














Abbreviations: BMI, body mass index; GDS, Geriatric Depression Scale. 










Table 2 Mean and standard deviation of physical functional tests and fatigue levels according to sex 






Parameters 


Men n=26 




Women 


n=20 


Total n= 


=46 




Mean 


SD 


Mean 


SD 


Mean 


SD 


1 0 m GST, m/second 


2.05 


5.40 


4.31 


14.00 


Aj.KJJ 


i n An 
1 u.ou 


DHGST, kg 


24.96 


7.83 


15.25 


6.43 


20.74 


8.68 


T5STS, seconds 


20.03 


6.14 


21.14 


10.26 


20.5 1 


8.10 


TST, seconds 


34.01 


13.86 


40.23 


12.48 


36.77 


1 3.49 


ACT, n 


14.06 


5.21 


13.18 


5.29 


1 J.O/ 


C 1 Q 
D. 1 7 


ST, cm 


21.90 


17.57 


20.23 


18.13 


21.17 


1 7.63 


RMST 














MIP, cm H 2 0 


30.54 


19.89 


23.69 


17.66 


LI .DO 


1 O dL 
1 7.U6 


MEP, cm H 2 0 


35.69 


17.75 


25.16 


20.39 


j 1 VI 


1 □ AO 

1 7.4o 


FAQ 














Mob-T (0-6) 


4.00 


2.65 


5.38 


1.20 


4.62 


2.22 


LL-T (0-5) 


3.92 


2.00 


4.90 


0.30 


4.36 


1.57 


UL-T (0-4) 


3.38 


1.47 


4.00 


0.00 


3.66 


1.13 


Mob-H (0-6) 


5.85 


1.67 


5.62 


0.74 


5.75 


1.33 


PADL-H (0-9) 


8.46 


1.86 


8.90 


0.30 


8.66 


1.40 



Abbreviations: 1 0 m GST, 1 0 meter gait speed test; ACT, arm curl test; DHGST, dominant hand grip strength test; FAQ, fatigue level using Functional Ability Questionnaire; 
LL-T, level of tiredness in lower limbs; MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure; Mob-H, level of help required during mobility; Mob-T, level of 
tiredness during mobility; PADL-H, level of help required during physical activity in daily life; RMST, respiratory muscle strength test; SD, standard deviation; ST, scratch test; 
T5STS, timed five-repetition sit-to-stand test; TST, ten step test; UL-T, level of tiredness in upper limbs. 
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undernourishment scored below this average range for lower 
limb strength. Similarly, respiratory muscle strength also 
exhibited a significant reduction in both men and women in 
comparison to respiratory muscle strength scores of healthy 
older adults reported in an earlier study. 38 

Muscle endurance measured using the arm curl test and 
flexibility measured using the scratch test were 40% and 
75% below average values, respectively, documented in a 
previous study 37 in both men and women. Approximately, 
two-fifths of older adults with undernourishment in the present 
study scored below the known norm of preferred gait speed 
for men (0.95 m/second) and women (0.87 m/second) aged 
60-69 years. 43 Poor performance was also noted on the agil- 
ity test. The time taken to complete this test was noted to be 
approximately five-to-six times higher that of the average time 
taken by age-matched healthy Japanese older adults who scored 
a mean + standard deviation of 6.68+1 .05 seconds. 35 The rea- 
son for this may be due to impairments in the prerequisites for 
agility, which includes muscle strength and balance ability. 
It is noteworthy that older adults with undernourishment in 
the present study also scored poorly in lower limb strength 
using the timed five-repetition sit-to-stand test and balance 
ability in the falls risk test using PPA. 

Older adults with undernourishment in the present study 
were not experiencing tiredness in activities of daily living. 
Self-reported fatigue has been linked to poor health among 
older adults. 40 In healthy people, including older adults, 



Table 3 Correlation between nutrition status, physical performance, falls risk, and fatigue level 





Albumin 




Prealburr 


lin 


Ferritin 




Hemoglobin 


BMI 




r 


P 


r 


P 


r 


P 


r 


P 


r 


P 


10 m GST 


-0.253 


0.086 


-0.088 


0.556 


0.032 


0.832 


-0.035 


0.817 


-0.074 


0.619 


DHGST 


0.016 


0.915 


-0.047 


0.756 


0.325 


0.026* 


0.244 


0.099 


-0.213 


0.15 


TSSTS 


0.018 


0.906 


0.06 


0.691 


-0.259 


0.078 


-0.175 


0.239 


0.124 


0.405 


TST 


-0.069 


0.653 


0.01 


0.948 


-0.257 


0.088 


-0.242 


0.1 1 


0.123 


0.423 


ACT 


-0.1 19 


0.425 


-0.196 


0.186 


0.179 


0.229 


0.017 


0.909 


0.015 


0.921 


ST 


-0.041 


0.786 


0.082 


0.584 


-0.12 


0.42 


-0.177 


0.234 


-0.009 


0.952 


Falls risk 


0.075 


0.615 


0.198 


0.182 


-0.015 


0.918 


0.148 


0.321 


0.008 


0.956 


RMST 






















MIP 


-0.057 


0.704 


0.064 


0.668 


0.203 


0.172 


0.008 


0.957 


0.13 


0.382 


MEP 


0.1 18 


0.433 


0.033 


0.826 


0.16 


0.288 


0.286 


0.072 


0.057 


0.706 


FAQ 






















Mob-T 


0.104 


0.488 


0.153 


0.303 


0.058 


0.696 


0.086 


0.564 


-0.364 


0.012* 


LL-T 


0.077 


0.607 


0.128 


0.39 


0.038 


0.799 


0.102 


0.496 


-0.254 


0.085 


UL-T 


0.057 


0.705 


0.165 


0.267 


-0.034 


0.822 


-0.1 18 


0.429 


-0.098 


0.51 1 


Mob-H 


-0.032 


0.83 


0.385 


0.008* 


-0.135 


0.364 


0.038 


0.8 


-0.094 


0.529 


PADL-H 


0.061 


0.683 


0.229 


0.121 


-0.23 


0.199 


0.158 


0.289 


-0.142 


0.339 



Note: *Significant at P<0.05. 

Abbreviations: 10 m GST, 10 meter gait speed test; ACT, arm curl test; BMI, body mass index; DHGST, dominant hand grip strength test; FAQ, fatigue level using 
Functional Ability Questionnaire; LL-T, level of tiredness in lower limbs; MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure; Mob-H, level of help required 
during mobility; Mob-T, level of tiredness during mobility; PADL-H, level of help required during physical activity in daily life; RMST, respiratory muscle strength test; ST, 
scratch test; T5STS, timed five-repetition sit-to-stand test; TST, ten step test; UL-T, level of tiredness in upper limbs. 
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Figure I Participants fall risk profile measured using the short-form Physiological 
Profile Approach. 



Ability Questionnaire. The results demonstrate that there 
was a significant positive correlation between hand grip 
strength and ferritin and between self-reported mobility 
dependence and prealbumin levels. A significant negative 
correlation was also found between self-reported mobility 
tiredness and BMI. 

Most physical functional measures were found to be 
reduced among older adults with undernourishment in this 
study. This group was noted to have below average scores 
compared to the aged-matched population-based normative 
hand grip data. 41 Based on the average range of 1 1 .4 seconds 
for the timed five-repetition sit-to-stand test in older adults 
aged 60-69 years, 42 approximately 80% of older adults with 
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fatigue was seen to be decreased. 44 Theoretically, someone 
with undernourishment would be lacking raw material to 
produce energy and this can lead to fatigue. Fatigue is a 
broad term and the results of the present study using a self- 
administered questionnaire may have been prejudiced by 
perceptions that fatigue was related to physical loads. This 
was contrary to the physical lifestyle of these older adults. 
It was noted that most of the older adults in these residential 
institutions were sitting around, reading newspapers, watch- 
ing television, or chatting with friends. 

In older adults with undernourishment, decreased physi- 
cal performance can be expected as undernutrition is known 
to have a negative effect on most organ systems. 45 The results 
of the present study demonstrating poor physical performance 
among older adults with undernourishment are corroborated 
by the study results of previous studies. 46 - 47 Hand grip strength 
was significantly correlated with ferritin (^0.325; P=0. 026) 
in the present study. A deficiency in ferritin or iron can result 
in impaired work performance by promoting skeletal muscle 
fatigue. 48 The benefits of iron supplementation on physical 
performance are apparent as it decreases blood lactate con- 
centration and increases oxygen uptake. 49,50 

It has been reported that an unintentional ^15% loss 
of body weight can lead to decreased muscle strength and 
respiratory function, reduction in physical fitness, and an 
increased risk of depression. 1151 This may explain the present 
results demonstrating a significant correlation between hand 
grip strength and ferritin and between self-reported mobility 
dependence and prealbumin levels. A negative significant 
correlation (P<0.01) was also found between self-reported 
mobility tiredness and BMI. Similarly, it was shown that 
older adults with poorer muscle endurance perceived higher 
fatigue levels in their daily life. 52 

Ninety-eight percent of the older adults in the present study 
had a marked-to-very marked increase risk of falls, measured 
using PPA. These results can be expected as undernourish- 
ment, depression, and poor health are identified risk factors 
related to falls and poor physical performance. 10,26 ' 28,53 Falls 
were reported to be lower in protein/energy-supplemented 
older adults. 54 Moreover, hospitalized undernourished older 
adults were found to have fewer falls after being discharged 
with combined energy- and protein-enriched supplements, 
oral nutritional supplements, calcium/vitamin D supplements, 
and follow-up with telephone counseling by a dietitian. 55 

Based on GDS scoring, it can be deduced that the mental 
health of older adults with undernourishment in the present 
study was affected. An association between depression, 
physical performance, and poor nutritional status has been 



reported among older adults in the literature. 52,36 Depression 
has been found to be a strong mediator in older adults with 
undernutrition. 56 57 Similarly, depression is also a risk fac- 
tor for poor physical function. 58 Moreover, management of 
depression among older adults resulted in improved physical 
performance. 59 

The strength of the present study is that a comprehensive 
physical performance assessment was performed. The reason 
for a comprehensive physical performance assessment was 
due to controversial results in the literature using different 
physical performance measurements. It should also be noted 
that falls risk was measured by a composite score, assessed 
using PPA compared to self-reported methods in previous 
studies. The limitation of this study is that the daily physical 
activity of older adults with undernourishment was not taken 
into consideration. However, participants in the present study 
had a similar routine of daily living activities. In addition, 
post hoc analysis demonstrated that for a correlation of 0.325, 
P<0.05, and a sample size of 47, the statistical power of this 
study was only 0.73. A sample size of 57 was required to 
provide a statistical power of 0.80. 

Future studies should consider a larger sample size and 
older adults with undernourishment from different settings. 
This will be useful for generalization of the study results. 
Further research employing similar work to examine the 
effectiveness of interventions among older adults with under- 
nourishment is also desirable. 

Conclusion 

This study confirms and adds to the knowledge that older 
adults with undernourishment have poor physical perfor- 
mance, higher risk of falls, and depression. The associa- 
tion between malnutrition, physical performance, fatigue 
level, and falls risk among older adults is intricate and the 
causal relationship is still unclear. Hence, it is important 
to consider the overall health in the care of older adults 
in residential homes that includes their nutritional status, 
physical performance, and psychological issues such as 
depression. 
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